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Abstract  
In this work we describe a setup employed for the recording of vertical dispersive 
holographic screens that can be used for medical applications. We show how to obtain 
holographic screens with areas up to 1200 cm2, focal length of 25±2 cm and diffraction 
efficiency of 7.2%. We analyze the technique employed and the holographic screens 
obtained. Using this screen we describe a setup for the projection of Magnetic 
Resonance or Tomographic Images. We also describe and present the first results of an 
autostereoscopic system for 3D medical imaging.   
Key Words— holographic screen, autostereoscopic display, three-dimensional medical 
imaging 
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1. Introduction 
There are several techniques to produce and display 3D moving pictures. The basic 
requirement is to display 2D offset images that are filtered separately to the left and 
right eye. Two strategies have been used to accomplish this: have the viewer wear 
eyeglasses to filter the separate offset images to each eye, or have the light source split 
the images directionally into the viewer's eyes (no glasses required). Mostly of the 3D 
display technology for projecting stereoscopic image pairs to the viewer are of the 
filtering type [1, 2]. Both of these 2D offset images are then combined in the brain to 
give the perception of 3D depth.  
The holographic screens showed the possibility of obtaining two-dimensional images 
outside of the screen plane [3]. The system does not require the use of glasses, but 
offers limited field of view and low light intensity due to a process of double diffraction 
required in the codification-decodification of depth [4]. Different types of holographic 
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screens were designed considering specific applications such as the Holo-television [5] 
or more recently the 3D shadowgram system [6]. The vertically dispersive holographic 
screen (VDHS) [5] has the characteristic of directionality into the viewer's eyes, which 
makes possible its use as a Glasses-free 3D viewing system. 
The optical principles of multiview auto-stereoscopy have been known for over 60 years 
[7] but only recently become available due to high resolution displays.   
Autostereoscopic display technologies [8, 9] use optical components in the display, 
rather than worn by the user, to enable each eye to see a different image. 
The use of 3D imaging in the medical field has proven to be a benefit to doctors when 
diagnosing patients and 3D models of the human body have assisted medical 
manufacturers in developing better medical devices and treatments. For different 
medical domains (radiology, minimally invasive surgery (MIS) and teaching/training) a 
stereoscopic display could be advantageous [10] in terms of a better spatial 
understanding of anatomical structures, better perception of ambiguous anatomical 
structures [11], better performance of tasks that require high level of dexterity [12], 
increased learning performance [13], and improved communication with patients or 
between doctors. 
In this work we show two different Glasses-free 3D viewing systems for medical 
imaging: a stereoscopic system that employs a vertically dispersive holographic screen 
(VDHS) and a multi-autostereoscopic system, both used to produce 3D MRI/CT 
images. We describe how to obtain a VDHS in holographic plates optimized for this 
application and the methods for each visualization process.  
2. Description  
In this section we describe two different Glasses-free 3D viewing systems looking 
forward their applications in medical imaging. The first is a stereoscopic system that 
employs a vertically dispersive holographic screen (VDHS) on which a double projector 
projects a stereo pair. Secondly, we present the first results of a multi-autostereoscopic 
system with medical imaging. 
In the holographic stereoscopic system the projection system consists of a holographic 
screen, a stereo projector and a computer.  
In the holographic screens, the observer’s field of view is vertically extended by the use 
of a diffuser during the holographic recording, to give the viewer comfort. The 
vertically dispersive holographic screen (VDHS) is the screen in which the diffractive 
dispersion occurs vertically [5]. We present below the method to obtain VDHS’s in 
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holographic plates and the differences in the proceedings that allowed us to obtain a 
wider field of view and more appropriate focal length than in the previous work [5].  
The used holographic plate was the PFG-01 [14] and a stabilized holographic table was 
employed. The Figure 1 shows the design of the experimental setup to obtain the 
vertically-dispersive holographic screens (VDHS). The collimated beam of an He-Ne 
laser with power 40 mW (L) is divided by a variable beam splitter (BS), subsequently 
one beam is reflected by a plane mirror (PM) reaching a spatial filter (SP) and 
illuminating the holographic plate (HP). The other beam reflects on a spherical mirror 
(SM) and is bordered by a screen (S) which possesses the desired dimensions to 
illuminate the chosen diffuser area. The bordered beam illuminates a diffuser (D). The 
illuminated diffuser area was 3 cm x 8 cm wide.  
 
Figure 1: Experimental setup utilized in the holographic recording of the vertically dispersive holographic 
screens.  
The diffuser employed was a diffuser glass plate. The angle between the beams was 53º. 
The distances employed in the recording are presented in Table 1. 
Table 1: Distances employed in the recording of the vertically dispersive holographic screen 
Type of screen SM-HP (cm) D-HP (cm) SP-HP (cm) 
VDHS 84.7 ± 0.5 16.5 ± 0.5 183.2 ± 0.5 
The exposure time was about 2 minutes with an He-Ne laser of measured 40mW. After 
recording we employed the chemical development described in [15].  
The vertically dispersive holographic screen (VDHS) must be illuminated from above 
or from below, which will cause a vertical dispersion of the diffracted light. Because of 
the dimensions of the diffuser D (Figure 1), an overlap of the diffracted light will 
provide a field of view in which the observer will see the scene in its true colors. The 
Figure 2 shows a computer sending a stereo pair to the stereo projector and the VDHS 
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receives the images from the projector and redirects to an observer. Each eye of the 
observer sees a different point of view of the same image, given him the required for 
viewing a stereoscopic image.  
 
Figure 2: The vertically dispersive holographic screen (VDHS) being illuminated by a stereoscopic 
projector (Pj). The stereoscopic pair is generated by a computer (PC). An observer (Ob) observes the 
projected image. 
The acquisition of stereoscopic pairs is performed by software [16] that reads and 
renders 3D computed tomographic images or magnetic resonance images. With the 
software one can select the angle between the stereo pair; a recommended angle would 
be between 1 and 5 degrees.  
The Autostereoscopic system provides a glasses-free tool for 3D medical imaging 
visualization. It consists of an autostereoscopic monitor [17] connected with a computer 
by a high definition media interface (HDMI), as shown in Figure 3. The observed image 
appears in a volume outside or inside of the screen. 
 
Figure 3: Autostereoscopic system composed of a computer (PC) and an autostereoscopic monitor (AM). 
The observer (Ob) observes a 3D image. 
The images to be displayed by the system are points of view of a volumetric image. To 
obtain these views of a tomographic or magnetic resonance image we utilize the 
software [16] that renders the desired image, rotating it and acquiring views. Some 
image processing softwares can create the needed views such as the OsiriX [18], 
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developed and maintained by Pixmeo. One viewpoint of a TC is shown in Figure 4. In a 
complete rotation of 360 degrees we extract one image by rotation degree. 
 
Figure 4: One point of view of a TC image. 
With the viewpoints we can create a special AVI video, for example, which includes a 
360 degree rotation. For this process we utilize the free software [19]. 
To play the 3D video we utilize the Visumotion software [20] which is compatible with 
the employed autostereoscopic monitor [17]. 
The optimal distance to visualization is 2 meters, according to the manufacturer’s 
specifications. Many observers can see the image together because the observation’s 
angle is about 120 degrees.  
4. Results and Discussion 
We measured focal length of the VDHS by projecting a collimated laser beam with the 
same wavelength that in the recording in the same angle and we measured the distance 
at which the diffuser appears focused. The value was 25±2 cm. This distance is related 
with the minimum distance the observer must be to observe projected images on the 
screen. 
The maximum obtained diffraction efficiency was 7.2±0.5%. The angle increase from 
45 [5] to 53 degrees did not create significant increase to the wavelength dependence of 
the diffraction efficiency.   
The recording of holographic screens in plates has the advantage of easy handling in the 
process of recording, developing and bleaching. The holographic plates are self-
sustainable, which facilitates their use as screen, however due to thinness of the glass 
they are more fragile than holographic films. 
Although the increase of the diffraction efficiency from about 3 [5] to a maximum of 
7.2% of the VDHS's, there is an important variation in the efficiencies in regions 
outside of the center of the screen, this lead us to search higher quality optical elements 
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to perform a uniform illumination of the plate. The furthest regions from the center have 
3% of efficiency.  
We used two viewpoints of a cranial tomography projecting them on the screen; the 
result appears in Figure 5. The distances needed to the projection were about 1.5 m from 
the projector to the screen and about 35 cm from the screen to the observer; theses 
distances are not critical, with about 10 cm tolerance. The increase in the observer’s 
field to about 7 cm for each eye could be the most advantage respecting to the 
previously screens [5]. Figure 6 shows the phantom shape of the viewed image.   
                 
Figure 5: Stereoscopic pair projection on the VDHS.                 Figure 6: Phantom shape in projection. 
The autostereoscopic monitor has a resolution of up to 1680 x 1050 for the viewpoints. 
The image can be viewed by the observer with great quality and no difficulty in 
focusing eyes. 
The Figure 7 shows two snapshots with a non-professional camera of the position of the 
eyes of the observer.  
 
Figure 7: Two snapshots taken in the position of the eyes of an observer. The parallax difference between 
each viewpoint results in a 3D image to the observer. 
Conclusion  
In this work we described a setup employed for the recording of vertical dispersive 
holographic screens that can be used for medical applications. We show how to obtain 
holographic screens with areas up to 1200 cm2, focal length of 25±2 cm and diffraction 
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efficiency of 7.2%. We analyze the technique employed and the holographic screens 
obtained. Using this screen we describe a setup for the projection of Tomographic 
Images. We also described and presented the first results of an autostereoscopic system 
for 3D medical imaging showing the possibility of applying it to TC image. 
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